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SUMMA.RY 

Exporimonts were carried out at the Polytechnic Institute 
of Brooklyn with a flat reinforced sheet model the longitudi- 
nals of which were loaded axially^ In the first group of 
tests one panol of sheet, and in the second group two panels 
of sheet and the intervening portion of a stringer, were cut 
out. The stress distribution in stringers and sheet was 
measvired with electric strain gages. The stresses v/erc then 
calculated with the aid of a procedure of ^ succo s s i ve approxi- 
mations siLiilar to the one presented in N^^CA TN No, 934 (ref- 
erence !)• The agreement hetween calculations and experiment 
was found to "be reasonably good. 

INTRODUCTION 

The methods of and the formulas used in the analysis of 
monoccque aircraft structures have been developed almost in- 
variably for cylinders of circular, or possibly elliptic,^ 
cross section and of uniform mechanical properties. Yet in 
actual aircraft such structural elements are seldom, if ever, 
found. Unfortunately, the direct methods of analysis arc 
little suited to cope with the problems involving complex 
cross-sectional shapes, irregular distribution of reinforcing 
elements, concentrated loads, and cut-outs. It is believed 
that the indirect methods recently advanced by Hardy Cross ^ 
and particularly by R. Y. Southwell, (references 2 and 
promise a solution of such problems. 

In thi-j indirect approach the stress distribution in a 
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structure under specified lv:ads is determined through step- 
"by-step approximations. In each step the state of distor- 
tion of the structure is arbitrarily modified and the 
stresses corresponding to the distortions are calculated* 
The proccdurn must he continued until the stresses and the 
external loads over the entire structure are in equil ihr iun* 
When the steps arc undertaken at random, the procedure is 
likely to lead to a solution only, if over, after a very 
great number of steps* If the calculations arc to ho well 
convergent — that is, if a reasonably rapid approach to the 
final state of distortion is to be attained — the steps 
must bo undertaken according to suitable predetermined pat- 
terns. This is the reason Southwell called the procedure 
the Method of Systematic Relaxations. 

It is the object of the present investigations to de- 
velop patterns v/hich make a solution passible , with engineer' 
ing accuracy, through a limited number of steps. This end 
is approached by means of theoretical considerations, strain 
measurements, and comparative calculations. The immediate 
goal is to work out a procedure which permits the solution 
of the complex problems previously mentioned, even though 
approximate results are all that may be attained for the 
time being* 

The procedure can bo refined so that it will give more 
accurate results. It is planned to carry out this develop- 
ment after the more immediate problems are solved. 

In this second report experiments are described which 
were performed in the Aircraft Structures Laboratory of the 
Polytechnic Institute of Brooklyn with two flat sheet- 
stringer combinations each having a cut-out. The stress 
distribution under concentrated loads v;as investigated v/ith 
the aid of Baldwin-S outhwark Metalectric strain gages. Dis- 
placement patterns were developed for the step-by-step pro- 
cedure the use of v/hich permits a rapid convergence of the 
computations* The results of the calculations wore in rea- 
sonably good agreement v/ith the tests. 

This investigation, conducted at the Polytechnic Insti- 
tute of Brooklyn, was sponsored by and conducted with the fi- 
nancial assistance of the National Advisory Committee for 
Aeronautics* For his aid in the tests and the calculations 
credit is due Ivan P. Villalba* 

.SYMBOLS 

b distance botv/oen adjacent longitudinals 
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h distance between adjacent transverse reinforcements 

t thickness of sheet 

u horizontal displacement 

^b'^ock horizontal block displacement 

ujj horizontal displacement of point N 

^n tot total horizontal displacement tf point N 

▼ vertical displacement 

^block vertical block displacement 

Vjj vertical displacement of point N 



^n tot 

yyMK 

At ot 
A-Q 



total vertical displacement of point N 
corrdinates 

influence coefficient signifying a foTce in the 
X— direction at the point M due to a unit X 
displacement of point N 
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symbols used to designate points of intersection of 
longitudinal and transverse reinforcements 



B, M, T symbols used to designate bottom, middle, and top 
horizontal sections, respectively, of model 
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location of point B after displacement 

E modulus of elasticity 

G modulus of elasticity in shear 

K numerical constant 

1 length 

LMN distance between points M and N 

Gj^ direct stress in horizontal reinforcing strip 

Oy direct stress in vertical reinforcing strip 

1-36 symbols used to designate strain gages 
I — IV sj^TdoIs used to designate stringers 

EXPERIMENTAL INVESTIGATIONS 



The test model shown in figure 1 consisted of a flat 
sheet of 24 S— T aluminum alloy reinforced with longitudi- 
nally and transversely arranged steel strips. The model 
was the one used for the experiments described in reference 
1, but for the first group of the present tests one panel 
of shoot, for the second group of tests two panels of sheet 
and the intervening portion of a stringer, were removed. 
The resulting structures will be referred to as "model with 
single cut— out," and "model with double cut— out , " respec- 
tively*. 

The test apparatus was the same as that used for the 
expcrimoiits described in refercnco 1. Equal tensile forces 
aioplied at tho four botton stringer extensions wore balanced 
by equal tensile forces at the two top stringer extensions. 
The doviblo cut— out condition of the model is shown in the 
photographs of figures 2 and 3. Tvjo anglo irons wore used 
to prevent the lov;cr edge of tho cut-cut from buckling. 
Those acted like the lugs described in reference 1 which 
supported the upper edge of the model. A lubricated sliding 
contact between a fitting at the end of the angle irons and 
the lov;er edge of the cut— out prevented restraint in the 
plane of the sheet. 
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Loads and strains v^ere measured v/ith Baldwin—S outhwar k 
Metalectric strain gages. No details of the measuring tech- 
nique need "be given here since the procedure followed was 
the same as that described in reference 1. The square of 
aluminum and steel to which the dummy gages were cemented is 
clearly visihle in figure 2. Tests were performed on the 
model with, single cut—out at load increments of 240 and 496 
pounds, and on the model v/ith double cut— out at load incre- 
ments of 248 and 49 2 pounds. A tare load of 240 pounds was 
used for all tests. Since the stresses obtained for the 
higher load conditions were practically double those of the 
lower, the lov/or load condition only was used for compari- 
son of experimental and calculated stresses. 

The exper im enta.l data were analyzed in the same manner 
as in reference 1. ?or all stress calculations the modulus 
of elasticity was taken as 30 X 10^ psi and 10.3 X lO^ 
psi for 3teel and aluminum, respectively. 

The total effective v;idth of sheet for both model con- 
ditions v/as taken as that obtained for the flat sheet in 
reference 1: namely, 6.72 inches. As was done previously 
the overlapijed portions of the sheet at the cenr.ral stringers 
were assumed fully effective in carrying normal sbx^esses. 
Consequently, the a^verage total effective area of a verti- 
cal or horizontal edge stringer was found to be 0.1301 square 
inch, that of a central vertical stringer 0.1418 square inch, 
and that of a central horizontal strip 0.1381 square inch^ 
For the stringers adjacent to the cut — out thasc values were 
necessarily modified to 0.1256 and 0..1337 square inch for 
segments HM and G-L , respectively {^ee ii,];. 7) and to 
0.1301 f^>quare inch for strips &H and LM . because of 
the absence of panel G-HML . Similar changes also were made 
when the r:odel v/ith the double cut — out v/as: considered. The 
values for TK, FG, and KL (see fig- S) became 0.1337, 
0,1301, and 0.1301 square inch, respectively. It should 
be noted that the areas of effective widta of the aluminum 
sheet had been converted into equivalent areas of steel. 

The values given in the preceding jjaragraph will be 
used later for the calculation of the influence coeffi- 
cients needed for the relaxation procedure. 
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DERIVATION OF THE FORMULAS USED IN THE 
SUCCESSIVE APPROXIMATIONS PROCEDURE 



As in reference 1, the unit of the elastic structure 
considered in this paper consists of a panel of sheet metal 
and the four segments of tars fastened to its edges (fig. 
4), It is assumed that the "bars are attached to one another 
"by ideal pins and that they have infinite rigidity in hend- 
ing. In reference 1 only the forces acting in the vertical 
( y ) direction were taken into account. Consideration of 
the horizontal forces was unnecessary because of the symme- 
try of the structure and loading about a vertical axis. In 
the present investigations, the loads are still applied 
symmetrically, but the symmetry of the structure is destroyed 
by the cut— outs • Consequently, it is necessary to calculate 
the equilibrium of the horizontal forces acting in the struc- 
ture, and thus two more types of influence coefficients must 
be developed in addition to the yy influence coefficients 
derived in reference 1. 

It follows from the derivations presented in reference 
1 that the yy influence coefficients pertaining to point 
B of figure 4a — that is, the vertical forces transmitted 
to the constraints at points A, B, C, and D when 
point B is moved through a unit distance in the positive 
y direction — can be given by the following equations: 



It is obvious that a horizontal force arising from a 
unit horizontal displacement is analogous to a vertical 
force arising from a unit vertical displacement. Consequent- 
ly, if point B in figure 4 is displaced through a unit dis- 
tance in the positive x-direction, the following influence 
coefficients apply; 



yyk3 
yycB 



yyDB = Gth/4b 
EA^^^/h - Gth/4b 

-(EAtot/h ^ Gth/4b) 



(1) 



^AB = (EAtot/^ - Gtb/4h) 
xxcB = xxj)B = Gtb/4h 



(2) 



xxiJ3 = 



-(BAtot/^ Gtb/4h) 
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It should "be noted that the quantities Gt"b/4h and 
Gth/4b are unit forces caused by the resistance of the 
sheet to shearing deformations. By the law of the comple- 
mentary shearing stress, however, horizontal displacements 
also must give rise to vertical shearing forces, and verti- 
cal displacements to horizontal shearing forces. Conse- 
quently, there are couplings between quantities pertaining 
to the vertical and the horizontal directions which can be 
expressed by xy and yx influence coeficients. Those corre- 
sponding to a displacement of point B as shown in figure 
4b are given by the following equations: 



yxQ3 = yxBs - Gt/4 



(3) 



Similarly, through the consideration of the effects of 
a unit vertical displacement of point B the following 
formulas can he derived: 



-^AB = ^^BB = ■ 



(4) 



When the structure consists of several panels as in 
figure 5, the effect of all of them must he taken into ac- 
count s iEiultaneously . Therefore, the following influence 
coefficients can be cf-lculated through consideration of the 
displacements of point A; 



BA 



^^CA 



^^EA 
^AA 



^^BA = ^^HA " ^FA " Gth/4h 



■^•^GA ~ Gtb/2h 

XX - (EA^Qt/^ - Gth/2h) 

-(2EA^^Jh + Gth/h) 



(5) 
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y^BA = ^DA = ^>A = y^HA = ^^^/^^ 

y^lX = ^EA = 

^CA = ^^GA = ^^Sot/^ - 

(6) 

^^AA " ~^^^^tot/^ * Gth/-b) 
^BA = ^FA = (>t/4 

^DA = ^HA = -^^*/^ 

Influcnco coefficients which do not appear in the forego- 
ing eq_uations are equal to zero. It should \ie noted that the 
following relations exist hctv/een influence coefficients: 



-^MN ^NM 

yy^N = yyiTM (?) 

These equations follow from Maxwell's reciprocal theorem. 
They may "be easily verified with the aid of the formulas given 
above • 

The operations table and relaxation table are set up in 
a manner similar to that described in reference 1. The nor- 
mal stress in a segment of a horizontal or vertical strip 
between points M and N, and P and Q, is, respectively, 



Oy = (vp - v^)E/Lpq 
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APPLICATION OF THE RELAXATION PROCEDURE 
TO A MODEL WITH CUT-OUT 



The procedure adopted for the calculation of the stress 
dis tri"but ion in the reinforced panel with a cut— out was as 
follows : 

First the complete structure (without the cut-out) was 
"balanced. Then the un'balanced forces were determined corre- 
sponding to the displacements of the complete structure and 
to the influence coefficients of the model with the single 
cut-out. These un'balanced forces were reduced in the third 
stop to nogligil^lG quantities through a numtcr of relaxa- 
tions* The displacement pattern thus o'otained was used for 
a first approximation to the distortions of the model with 
the double cut-out. The unbalanced forces corresponding to 
this pattern and to the influence coefficients of the model 
with the douhlo cut-out Wv^rc calculated and reduced through 
relaxations to negligibly small values* 

The proceduro was found to he rapidly convergent since 
the cut-outs materially affected the displacements and 
stresses only in thoir immediate neighborhood* The double 
cut-out condition could have been calculated directly from 
the complete structure, but the intermediate case of the 
model with the single cut-out was needed for the purpose of 
comparison v;ith test results* 

In figures 6 to 8 schematic drawings of the throe model 
conditions investigated are shown. Table 1 contains the 
influence coefficients yy , xx , and xy for the model in 
its three different conditions. The table proper was cal- 
culated for the coiaplete model* The first auxiliary table 
(starred values) gives all those influence coefficients 
which changed because of the single cut-out* The second 
auxiliary table contains the influence coefficients the 
values of which (marked with a dagger) changed when the 
single cut-out was transformed into the double cut-out. 
Because of eq:Uations (7) only one-half of the total number 
of the influence coefficients had to be listed. 

Table 2 is the Operations Table. It contains individ- 
ual and block displacements calculated in the same manner 
as described in reference 1* Several of the boxes in this 
table contain two figures* The upper figure pertains to 
the model with the single cut-out; v/hile the lo\^er figure 
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holds for the nodel without a cut — out. Whore only one value 
appears in a "box, it applies to both conditions of the nodol. 

Since both the ncdel and its loading are syametric, 
symnotr ically situated points nust displace synnet r ically ♦ 
This rioanc; that vertical displacenent e of synnetrically* sit- 
uated points are equal in both magnitude and sense; while 
their horizontal displacements are equal in magnitude and 
opposite in sense. Because of these symmetry properties the 
group operations listed in table 3 are found convenient for 
the nuner ic^tl work of relaxation. 

In the first line of the Relaxation Table (table 4) the 
external loads are entered. With the aid of the group op- 
erations of table 3 the unbalanced vertical forces are re- 
duced to negligible quantities in comparatively few stops* 
Details of the procedure followed are not explained here, 
since they v/cre described in reference 1% However, after 
those relaxations have been completed, residual forces which 
are not considered negligible exist in the horizontal diroc— 
tion. The structure must be relaxed, therefore, until the 
horizontal forces are reduced to negligibly small quantities. 
Before this is done, however, the total displacement given 
to each point is obtained and used as a check on previous 
work (table 5)» It may be seen that the residual forces in 
the check table differ slightly from those obtained before* 
Since they define the present state of equilibrium more ac- 
curately than do the previous residual forces, relaxation 
should be continued from the values listed in the check 
table • 

Because of the symmotry of model and loading, the hori- 
zontal residual forces just obtained are also symmetric* As 
the uppermost horizontal contains the points at v/hich the 
greatest unbp.lances occur, the forces there are reduced 
first. It nay be seen that a simultaneous displacement of 
points A and D toward the axis of symmetry of the model, 
followed by a similar simultaneous displacement of points B 
and C, reduces the unbalances considerably (table 6). After 
these operations have been carried out twice in succession, 
negligible residual forces remain. Since the unbalances on 
the other horizontals are of the same nature, steps similar 
to those Just undertaken reduce all remaining unbalances to 
small quantities. The advantage of reducing the large un- 
balances of the top hor i;-2ontal first is almost self-evident # 
Large unb.alanced forces require proportionately large dis- 
placements in the relaxation procedure; consequently, forces 
which are not negligible are thrown on the points of the 
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adjacent horizontal when the top horizontal is relaxed. 
However, when the smaller unbalanced forces of the other 
horiso2^tals are reduced, the forces transmitted to the top 
horizontal are negligihly small. As a matter of fact, in" 
the present calculations those forces were fractions of the 
unit used in the tahle and were, therefore, not listed. 

Since the effect of the rcla.^cations undertaken in taolc 
6 upon the forces in the vortical direction is no^^l i^ihl c , 
no further relaxations are necessary* However, a chock is 
made in order to ascertain the accuracy with which the hori- 
zontal relaxations have 'boon performed. The residual forces 
present hofore the horizontal relaxations are entered in the 
top row of the Check Table (table 7). No additional vertical 
displacements were undertaken after the first chock; there- 
fore, a chocl: involving only horizontal displacements suf.-- 
fices. The final vertical and horizontal residual forces 
are given in the last row of the table. As those forces are 
n^gli^-ibly small, the relaxation of the model without a cut-- 
out is considered to be completed* With the aid of equa- 
tions (8) and tlie total displacements from tables 5 and 7 
the stresses in all segments of the verticals and the hori- 
zontals may be calculated. The calculations are presented 
in table 8. It should be noted that ^/Lutt = 30 X 10^/8 = 
375 X 10-i psi per inch for each se^gmcnt. 

The stresses in the verticals are found to be the same 
as those obtained in reference 1. This verifies the assump- 
tion of reference 1 that the effect of the horizontal dis-' 
placements upon the stresses in the vertical direction is 
small in the symmetric model. The stress distribution in 
the horizontals is ^;iven in figure 12. 

The problem of the model with the single cut-out now 
may bo attacked. The numerical work is facilitated by the 
use of the Group Operational Table (table 9) prepared with 
the aid of table 1. As a first approximation the deflec- 
tions obtained for the model without a cut-out were assumed 
to be also the deflections of the model with the single 
cut-out* The magnitude of the error made can be judged if 
the unbalanced forces are calculated from those deflections 
with the aid of the values pertaining to the model with the 
single cut-out listed in table 2 (Oporaticns Table). These 
calculations are contained in table 10, which has the title 
"Check Table of Relaxations for Model without Cut-Out with 
Operations Pertaining to Model with Single Cut-Out." The 
forces arc in equilibrium at all joints except those in the 
immediate vicinity of the cut-out, as was to be expected. 
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UnlDalance exists in "both the vertical and the horizontal 
directions at points Q, E. L, and With this condition 

as a starting point the model can he readily relaxed. 

As tefore, the unbalanced vertical forces are redunod 
firstt Stringer segment MQ, is displaced as a unit (ta'ole 
11). This step is f ollov/ed hy a displacement of segment 
DH. The steps are repeated in the same sequence until a 
state is reached at which individual displacement of the 
points a]ppear to be advantageous. Finally, a block dis- 
placement of stringer IV reduces the vortical residual 
forces to the magnitlides desired. 

The .total displacement given to each point is found 
and is tabulated in table 12. The residual forces obtained 
in this table now must be considered. They are small in 
the vertical direction and comparatively large in the hori- 
zontal direction. In accordance v/ith the pa 1 1 em e s tab 1 i shed 
in reference 1, through suitable: operations the unbalanced 
forces arc distributed in such a manner that simultaneous 
block displacements of the horizontals A3CD and JKLM renult 
in reducing the forces considerably (table lo). A few addi- 
tional individual displacements followed by a vertical group 
displacement of the edge stringer DKMQ, reduce the unbalanced 
forces to small quantities* Because the solution of the 
model with the single cut-out depends on the previous solu- 
tion of the complete model, a check table which takes into 
acco\int the total displacements of each point is given in 
table 14» These displacements are obtained by adding the 
displacement of aaoh point in table 10 to the displacement 
of the same point in tables 12 and 13. Since a few of the 
residual forces are slightly larger than desirable, small 
adjustments are made in the total displacements of four 
points ♦ The starred values at the end of the table are the 
adjusted values of the corresponding starred values in t.-e 
table proper ♦ At this stage of the procedure the adjust- 
ments were found to bo the most convenient means of balanc- 
ing the residual forces. The final residual forces appear 
in the last line of the table. 

In tabic 15 the stress calculations are presented for 
the model with the single cut-out, A comparison of the 
experimental and the calculated normal stress in the 
stringers is given in figure 2». The dotted lines in figiire 
12 represent the normal stresses in the horizontals. 

With the solution of the problem of the model with the 
single cut— out now available, the problem of the model with 
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the dc-a"b-lG cut— out can "be solved in a nanner similar to that 
Just described* The Operations Table for Model v/ith Double 
Cut-Out (table 15) is established fron the pertinent values 
of table 1, With this operations table the Check Table of 
Relaxations for Model v/ith Single Cut-Out with Operations 
Pertaining to Model with Double Cut-Out (table 17) is calcu- 
lated fro:.i the displacements listed in table 14. The resid- 
ual forces are entered in the first roi^^ of the relaxation 
table (table 18)* A displacement of point G- , followed by a 
rigid body displaccnent of stringer seguent CG, reduces the 
large unbalanced force at G considerably. Similar opera- 
tions reduced the force at L. Several individual displace— 
nents are then taken, re suit ing in residual forces which are 
negligibly sne.ll at most of the remaining points also. A 
rigid body displacement of stringer segment DH is found help- 
ful in this process. The unbalances in the horizontal direc- 
tion arc distributed by disT)lacement s of individual points 
preparatory to a horizontal group displacement of the throe 
upper fields, which in turn reduces the residual forces con— 
siderablyt A few individual point displacements then suffice 
to attain unbalanced forces in the horizontal direction which 
can b.-^ considered negligibly small. In this process, however, 
relatively large vertical forces are introduced at several 
jointSf A group displacement of stringer I, followed by 
simultaneous displacements of points A, B, IT, and 0, reduce 
these remaining forces to small values. The Complete Check 
Table for Model with Double Cut-Out is presented in table 19 
in which the total displacements of the joints are listed as 
cor^puted from tables 17 and 18. Minor adjustments again are 
made in the displacements. They are listed at the end of the 
table . 

The stress calculations are given in table 20. A com- 
parison of the experimental and the calculated direct stress 
in the stringers is contained in figure 10. The dot-dash 
lines in figure 12 represent the direct stress in the hori- 
zontal strips. The variation of the calculated direct stress 
in the stringers with the changes made in the original model 
is shown in figure 11. 

In conclusion, it nay be stated that, in general, the 
agreement betv/een calculated and measured stress is rea.son— . 
ably good« In the case of the model v/ith the single exit— out 
the measured and the calculated stresses almost exactly coin- 
cide in the graphs along stringers I, III, and IV. The 
agreement is almost casually good along stringers II and IV 
and in the upper portion of stringer III, in the model with 
the double cut-out. In this model, however, the stress 
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neasured in stringer I is consistently less than that calcu^ 
lated. The provable reason is an under o s t inat i on of the 
load-carrying capacity of the sheet, especially in the upper 
portion of the iiodel. Similarly, the rough assumption of a 
uniform effective width all over the nodel night "be respon- 
sible for the disagrcenent between exporinent and calcula- 
tion in the neighborhood of the concentrated load applied to 
the discontinuous stringer. 



COFCLUS lOlTS 



In this second report on nunerical procedures for the 
calculation of the stresses in uonocicti^Qs tests are described 
which wore carried out at the Polytechnic Institute of 
Brooklyn in order to establish the stress distribution in 
sheet and stringer combinations loaded with concentrated 
loads applied to the stringers. In the first test model 
there was a cut— out involving one panel of sheet, and in the 
second model one involving two panels of sheet and the inter- 
vening portion of a stringer. The stresses also were deter- 
mined analytically by a step-by-step approximation procedurct 
The agreement was reasonably good between the results of the 
calculations and the experiments. 

The suggestions made in the conclusions of the first 
report (reference 1) regarding details of the numerical pro- 
cedure again were found to result in a rapid convergence of 
the calculations. Moreover, it was found that the following 
approach is advantageous if there is a cut— out in the sheet 
and stringer combination: 

(1) Calculate the stresses as if the structure were com- 
plete (using influence coefficients pertaining to the struc- 
ture without the cut— out ) . 

(2) Consider the displacement pattern obtained as a 
first approximation to the actual displacements of the struc- 
ture with a cut-out. Determine the unbalanced forces corre- 
sponding to those displacement s, us ing the actual values of 
the influence coefficients in the structure v/ith the cut— out* 
Reduce those unbalanced forces through a suitable series of 
relaxations, jpreforably following the recommendations pre- 
sented in the Conclusions of reference 1, 

It is believed that this procedure will result in a 
fairly rapid determination of the stress distribution in 
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sheet and stringer c o:n"b inat ions in v;hich the end points of 
the reinforcing strips are free to move, provided the cut- 
out is not disproportionately large. 

Polytechnic Institute of Brooklyn, 
Brooklyn, New York, July 1944, 
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TABLE I. INFLUENCE COEFFICIENTS FOR THE THREE 
CONDITIONS OF THE MODEL. SHEET I. 



VALUES FOR MODEL WITHOUT CUTOUT. 







XIQ-* 


AB 


2.00 


468 


AE 


466 


2D0 


AF 


2.00 


ZOO 


BC 


2.00 


46.8 


BE 


2.00 


2.00 


BF 


49.2 


4.00 


BG 


2D0 


2.00 


CD 


200 


46.8 


CF 


2.00 


2.00 


CG 


492 


400 


CH 


2.00 


2.00 


DG 


2.00 


2.00 


DH 


46.8 


2.00 


EF 


4.00 


478 






VALUE 


GH 


2.00 


468 


GL 


48.1 


200 



nm 


5ynm 
X 10"* 


XIO"* 


EJ 


468 


2.00 


EK 


2.00 


2.00 


tFG 


400 


47.8 


FJ 


2.00 


2.00 


tFK 


49.2 


4.00 


tFL 


2.00 


2.00 


«GH 


4.00 


47.8 


T VJrN 






*iGL 


49.2 


4.00 


»GM 


2.00 


2.00 


»HL 


2.00 


2.00 


«HM 


468 


2.00 


JK 


4.00 


47.8 


JN 


46.8 


2.00 



GM 
HL 



0 
0 



0 
0 



nm 


X 10"* 


XIO"* 


JO 


2.00 


2.00 


tKL 


4.00 


478 


KM 


2.00 


2.00 


KO 


49.2 


4.00 


KP 


2.00 


2.00 


*LM 


4.00 


47.8 


LO 


2.00 


2.00 


LP 


49.2 


4.00 


LQ 


2.00 


2.00 


MP 


2.00 


2.00 


MQ 


46.8 


2.00 


NO 


2.00 


46.8 


OP 


2.00 


46.8 


PQ 


2jOO 


46.8 


L GUI 


rouT. 




HM 


47.1 


0 


LM 


2.00 


468 



t VALUES FOR DOUBLE PANEL CUTOUT. 



FG 


2.00 


46.8 


FK 


48.1 


2.00 



FL 


0 


0 


GK 


0 


0 



GL 


0 


0 


KL 


2.00 


468 



NACA TN No. 950 



TABLE I. INFLUENCE COEFFICIENTS FOR THE THREE 
CONDITIONS OF THE MODEL. SHEET 2. 

VALUES FOR MODEL WITHOUT CUTOUT. 



nm 


XIO"* 




nnn 


XIO"* 




nm 


XIO"* 




nm 


XIO"* 




nm 


XIO^ 




nm 




AB 


2.00 




BA 


-2.00 




EJ 


-2.00 




JE 


2.00 




JO 


2.00 




OJ 


2.00 


AE 


-2.00 




EA 


2.00 




EK 


2.00 




KE 


2.00 




tKL 


0 




t LK 


0 


AF 


2.00 




FA 


2.00 




tFG 


0 




tGF 


0 




KN 


-2.00 




NK 


-2.00 


BC 


2.00 




CB 


-200 




FJ 


-2.00 




JF 


-2.00 




KG 


0 




OK 


0 


BE 


-2.00 




EB 


-2D0 




tFK 


0 




tKF 


0 




KP 


2.00 




PK 


2.00 


BF 


0 




FB 


0 




tFL 


2.00 




tLF 


2.00 




«LM 


0 




«ML 


0 


BG 


2.00 




GB 


2,00 




»GH 


0 




«HG 


0 




LO 


-ZOO 




OL 


-ZOO 


CD 


2.00 




DC 


-200 




tGK 


-2O0 




tKG 


-2.00 




LP 


0 




PL 


0 


CF 


-2.00 




FC 


-2.00 




«iGL 


0 




•tLG 


0 




LQ 


2.00 




QL 


2.00 


CG 


0 




GC 


0 




«GM 


2.00 




*MG 


2.00 




MP 


-200 




PM 


-ZOO 


CH 


2.00 




HC 


2.00 




»HL 


-2.00 




«LH 


-2.00 




MQ 


2.00 




QM 


-2.00 


DG 


-2.00 




GD 


-2O0 




«HM 


2.00 




«VH 


-2.00 




NO 


-ZOO 




ON 


2.00 


DH 


2.00 




HO 


-2.00 




JK 


0 




KJ 


0 




OP 


-2.00 




PO 


ZOO 


r— r— 

LF 


0 




r L 


0 




JN 


-2D0 




NJ 


2.00 




PQ 


-POT) 




OP 


2 OO 








i VALUES FOR SINGLE PANEL CUTOI 


JT. 








GH 


-2.00 




HG 


2O0 




GL 


2.00 




LG 


-200 




GM 


0 




MG 


0 


HL 


0 




LH 


0 




HM 


0 




MH 


0 




LM 


200 




ML 


-2.00 






t 


VALUES FOR DOUBLE PANEL 


CUTO 


UT. 








FG 


-2.00 




GF 


2.00 




FK 


2.00 




KF 


-2.00 




FL 


0 




LF 


0 


GK 


0 




KG 


0 






0 




LG 


0 




KL 


2.00 




LK 


-2.00 



TABLE 2. OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT 



AND WITH SINGLE CUTOUT. SHEET I. 

Aa^ere two figures appear in a box, the lx>vver pertains 
to the former condition, the upper to the latter condition.) 





Y 


Y 


Y 


Y 


Y 


Y 

V 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


d< 


V 


V 
















Y 

\\ 


v/ 






\i 




^0 


Xp 






50J5 


Z.OC 








^00 






















200 


200 






200 


200 






















V^- 1 




100 








4jOO 






4(>£ 


ZiK) 














200 


ZOO 






0 


0 






200 


200 














^J- ' 












ZOO 






WU 


4.00 






4i£ 
















200 


20iO 






0 


0 






200 


200 
























44J0 


200 






50Jft 


cLJJO 






















210 


200 






ZOO 


200 






^BLOCK " ^ 




4.00 






h.oo 


wo 








8.00 






4^ 


AAA 






400 


400 






0 


0 






0 


0 






400 


40O 








too 




ZOO 




ZOO 


49.Z 


2.00 




















2.00 


0 


200 




200 


0 


200 




















V,- 1 


ZOO 


492 


ZM 




4.00 


1144 


4.00 




2.00 


49.2 


2.00 












200 


0 


200 




0 


0 


0 




2.00 


0 


2.00 






















ZOO 




ZOO 




40O 


«144 


400 




2,00 




too 












2.00 


0 


200 




0 


0 


0 




ZOO 


0 


200 






















2j00 


491 


2.00 




2.00 


572 


200 




















2.00 


0 


200 




200 


0 


m 




^BLOCK ' ' 


4.00 


6^ 


4.00 




B.OO 


¥^ 


8.00 




BOO 


%bc 


dOO 




4.00 




4.0O 




4.00 


0 


4O0 




0 


0 


0 




0 


0 


0 




400 


0 


4.00 




\y wm 1 












• AA 

Z!.00 


9 


2jOO 




















200 


0 


2^ 




200 


0 


200 


















Vc- ' 




2,00 


4« 


ZjOO 




4.00 


iMJ 

lli.4 


2.00 
A.00 




200 


41. i 

49.1 


Z.00 












2,00 


0 


2JDK) 




0 


o 


ir>o 

0 




200 


Ijoo 
0 


ZjOO 






















Z.OO 


Ail 


0 
2.00 




4.00 


\^ 


2.00 
4i>0 




2.00 


49.2 


200 












2.00 


LjOO 

o 


-5- 




0 


2..00 
■0 


ZDO 
0 






0 


2.00 






















200 


49.2 


200 




200 


512 


2.00 




















2.00 


0 


200 




200 


0 


2.00 


V - 1 

BLOCK 




4.00 


8^0 


4.00 




8.00 








B.00 


h.ob 

l«X>0 


4.0O 

8.00 




400 


aoo 


4.00 




400 


0 


400 




0 


4.00 

0 


4J0O 
0 




0 


4.00 

0 


4.60 
0 




400 


0 


400 








2.00 


508 






2.00 


44.5 






















200 


200 






200 


200 
























Z.OO 


AhB 






4.00 


513 






— 0" 


4ti 
44».e 














200 


2.00 






1.00 

0 


0 






6 


6 

7.00 


























-TTT 






4.00 


M 






200 
















6 

2jOO 


2.00 






0 


0 






200 


200 


^o- ' 






















2.00 


4^8 






2i)0 


508 






















200 


200 






2.00 


ZOO 


V - 1 

BLOCK 






4J0O 


400 






A.oo 
8^ 


4.Q0 






8.00 


4.66 






4.00 


4O0 






400 


4jOO 






4.00 
0 


0 






4.06 
0 


4.00 
0 






400 


400 



UNDERLINED NUMBERS ARE NEGATIVE. 
FORCES IN LB., DISPLACEMENTS IN IN. X K)"^. 



TABLE 2. OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT 

AND WITH SINGLE CUTOUT. SHEET 2. 
(where two figures appear in a box, the lower pertains 

TO THE former CONDITION, THE UPPER TO THE LATTER CONDITION) 



DISPL. 






Yc 


Yd 


\ 


Yp 


Yg 




Yj 


Y 

'k 


\ 


Ym 


Yn 


Yo 


Yp 


Yq 










Xe 


Xp 






Xj 




Xl 


Xm 


Xn 


Xo 


Xp 


Xo 




zoo 


ZOO 








200 






















50,5 


44>.8 






ZOO 


200 






















B 


zoo 


0 


2.00 




200 


0 


z.oo 






















m> 


4K8 




200 


4.0O 






















a = 1 
c 




zoo 


0 


zoo 




ZOO 


0 


200 




















46.6 


m> 


4^J5 




ZOO 




ZOO 


















P 






too 


z.oo 






zoo 


ZOO 






















4<>.8 


508 








zoo 


















u« « 1 

BLOCK 


400 


0 


0 


4.00 


400 


0 


0 


400 


















4O0 


800 


800 


400 


4.00 


800 




400 


















U - j 




too 






0 


0 






200 


z.. 














ZXXl 


ZOO 






55^8 


478 






Z.00 


ZOO 
















2X)0 


0 


zoo 




0 


0 


0 




ZOO 


0 


zoo 












coo 


400 


200 




478 


l|M> 






Z.00 


400 


ZOO 












U - 1 






0 






0 


o 


IA6 

0 




LOO 


o 


LjOO 












ZOO 


400 


ZOO 




47.8 




TO 




too 




6 

f AA 
















Z.00 


m 






166 








-TT 


TT" 
3LJ00 














ZOO 


ZOO 








1g3 






6 


"5" 
ZjDO 










Vock"' 


4.00 


0 


0 


4JP 


0 


0 


o 


4* 


4^ 


0 


4-.00 
0 


o 

4.00 










400 


8.00 


800 


400 


800 


1^ 






400 


aoo 


4.0 o 


A 

4^o 




















ZOO 


200 






0 


0 






WO 


zoo 














ZOO 


too 




55.8 


478 






ZOO 


ZOO 
















E.OO 


0 


zoo 




0 


0 


0 




zoo 


0 


zoo 












ZOO 


400 






47.8 




478 




200 


400 


2.00 




u,. 1 












zoo 


0 


6 




0 


156 

0 


t[j66 
0 






0 


zoo 












ZOO 




"5~ 
ZJOO 




478 


\SLh 
lll.b 


4k8 

4T8 




ZOO 


400 


LOO 
















6 
2.00 








m 


C66 






zoo 


zoo 
















ZjOO 






41ft 


^ 






too 


too 


^block" ' 










4.00 


0 


0 


^0 


0 


0 


0 


0 


400 


0 


0 


4.00 










4J50 


8.00 




APe 


aop 








4O0 


800 


800 


400 


^.-> 


















ZOO 


zoo 






zoo 


200 




















ZOO 


too 






50,8 


























too 


0 






zoo 


0 


zoo 




















zoo 


400 


ZOO 




4<„8 




44i8 




Up- 1 




















2.00 


0 


2O0 




zoo 


0 


200 




















200 


400 


ZOO 




46.8 


lOU) 


468 
























2.00 


2.00 






200 


200 






















ZOO 


ZOO 






46l8 


50£ 




















4.00 


0 


0 


400 


4.00 


0 


0 


400 












1 1 


400 


8.00 


8.00 


400 


400 


800 


800 


400 



UNDERLINED NUMBERS ARE NEGATIVE. 
FORCES IN LB.. DISPLACEMENTS IN IN. X lO"*. 



TABLE 3. GROUP OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT 



DISPL. 




Yb 




Yd 


Ye 




Yg 


Yh 


Yj 


Yk 


Yl 


Ym 


Yn 


Yo 


Yp 














Xp 


S3 






1— 
















ZJOO 


ZJOO 






zoo 


^00 




















200 


zoo 


Z.OO 


ZJOO 




ZOO 
































ZjOO 


zoo 


46.8 


KH.6 


4.00 


400 


toi.e 


i46a 


zoo 


Z.00 


46fl 










zoo 


zoo 












ZOO 


200 


zoo 


ZO9 


Vn-Vq- 1 


















46.8 


Z.00 


2.00 


46.8 


50.8 


zoo 


zoo 


508 














mm 


? Oft 






^JOO 


ZjOO 


ZOO 


zoo 


Z.00 


Vb-v^-i 


zoo 


55,Z 


5SZ 


Z.00 


ZOO 




5LZ 


ZOO 


















POO 


zoo 


zoo 


200 


ZOO 


zoo 




















Vk-Vl-i 










ZJOO 


5I.Z 


51Z 


Z.00 


400 


\\yjA 


1(0.4 


400 


200 


5I.Z 


SIZ 


ZOO 










2.00 


ZS>0 












cop 




200 


zpo 


Vo-Vp -1 


















ZOO 


5IZ 


5\Z 


zoo 


zoo 


55.1 


55.Z 


ZOO 














■■ 


too 


ZOO 


ZOO 


200 


200 


zap 


zoo 


zoo 






ZOO 


ZOO 


zoo 


ZflO 


zoo 


ZOO 


Z.00 


















46.8 


148.4 


148.4 


468 


200 


700 


33353 


















Ua-Ud- I 


zoo 


ZOO 


ZOO 


ZfiP 


ZOO 


2,00 


Z.00 


zoo 


















50,8 


468 


468 


sa8 


too 


ZJOO 




















Ue-Uh-I 


ZJOO 


250 


Zfip 


2,00 










zoo 


ZOO 


ZOO 


Z,00 










ZOO 


ZOO 


zoo 


ZOO 


558 


47 ft 




zoo 


zoo 


zoo 


ZOO 












zjog 


ZOO 


ZOO 


ZOO 










ZOO 


ZOO 


zoo 


zoo 










ZOO 


zoo 


ZOO 


ZOO 


4T8 


W4 




zoo 


2.00 


2^ 


ZjOO 




















zoo 


ZOO 


ZOO 


zoo 










zoo 


zoo 


ZJOO 


ZOO 










^,00 


ZJOO 




55^8 


478 


4_78 


S5.8 


ZOO 


2.00 


z^ 


Z,00 












zoo 


zoo 


zoo 


zoo 










zoo 


zoo 


zoo 


ZOO 










ZOO 


700 




47.8 


153.4 




47.8 


200 


200 


zoo 


zoo 




















zoo 


ZOO 


ZJbO 


zoo 


zoo 


ZXK) 


too 


2.00 














mm 


ZOO 


zoo 


1.00 


200 


508 


46.8 


46J5 


50.8 


Uo-Up- 1 


















2.00 


ioo 


zoo 


z.oo 


zoo 


200 




^00 














mm 


2.00 


200 


ZOO 


ZOO 


46,8 


1484 


i48.4 


46,8 


y<kE JN ■ 

V — 1 
^DHMQ ' 


490 


4.00 


400 


4^ 


600 


600 


BOO 


BOO 


BDO 


ROO 


doo 


800 




400 


400 


400 


400 


400 


4.00 


400 
















400 


4.00 


400 


400 



UNDERLINED NUMBERS ARE NEGATIVE 
FORCES IN LB., DISPLACEMENTS IN IN. X 10"*. 



TABLE 4. RELAXATION OF VERTICAL FORCES FOR MODEL WITHOUT CUTOUT. 



DiSPL. 








Yd 


Ye 


Yp 


Yg 


Yh 


Yj 


Yk 




Ym 


Yn 


Yo 


Yp 


Yq 












Xp 


Xg 


Xh 


Xj 


Xk 


Xl 


Xm 


Xn 


Xo 


Xp 




LOADS 


-ito 
























40 


GO 


60 


60 




































no 






110 


-\0\ 


- 4 


- 4 


~IOV 


















4 


4 


- 4 


_ 4 


























V . - - 1.73 


-10 


~4 


-4 


-10 


-101 


-4 


-4 
3 


-101 
81 


-I7b 


7 


7 


-^76 


Bl 




•I 
<j 


B\ 


4 


4 


-4 


-4 


-4 
_ « 


-4 

0 


A 

0 


4 

0 










0 


0 




•a 














-1 


-1 


-ZO 


476 
t56 


7 
7 


7 
7 


i76 


141 


63 
7 


63 

y 
1 


141 
'\69 










- 7 


-7 


7 


7 


•7 

— f 




f 


-7 
f 


3 

-7 
/ 


3 

-7 
f 


-3 


-3 
- A 




_ \ 


14 


14- 


-1 


- 1 


-13 


1^ 


1 


-ZO 


14 


14 


-ZO 


-za 


70 


70 


-Z8 


1 


1 


1 
1 


1 
1 


1 
1 


1 
1 


1 


1 


-7 


-7 


7 


7 


10 


10 


-10 


HO 


Vi/ - Vi - 


HI 


10 


10 


HI 


\ 


-14 
34 


H4 
34 


-z» 

1 




-7^ 


-7^ 




1 
1 




0^ 


1 
1 


3 


3 


-3 


-3 


1 
1 


-6 

1 
1 


6 


6 












1 

1 


\ 


1 

1 












-zo 


20 


ZO 




H7 
3 


-59 
79 


79 


-17 
3 


-27 
3 


104 
-85 


104 
-85 


-Z7 
3 










-5 


-5 


5 


S 










9 


9 


-9 


-9 


DHMQ 


K) 


-\o 


-10 


10 


to 


-ZO 


-ZO 


ZO 


-14 
ZO 


20 

-ZO 


20 

-20 


H4 

20 


-24 
10 


19 
-\0 


19 

-\o 


-Z4 
10 


10 


10 


-10 


-10 










-4 


-4 


4 


4 


6 
-\0 


6 

-to 




-6 


V 1- V».« --04 


-1 


0 


0 


-I 


0 


0 


0 


0 

-2 


6 


0 


0 


6 
4. 


-14 
-2 


9 


9 


-14 


13 


13 


-13 


H3 


-5 


-5 


5 


5 


-4 


-4 


4 


4 


-4 


-4 


4 


4 












-£ 






-2 


10 

-IZ 


-1 


-1 


10 
-12 


H6 




-1 


-16 
13 




















I 


- 1 




-1 


-1 


I 


1 






\ 


1 






-1 




0 


-2 




-I 


-Z 


-3 


a 


8 


-3 


















-3 


-3 


3 


3 


-5 


-5 


5 


S 






1 


\ 






-1 
3 


-1 

3 


-2 




-7 


-7 






3 


3 




































Vo-Vp..ZO 












Z 


2 






~6 
10 


-« 
\0 






11 

HI 


1) 
HI 




































V 


I 


-1 


-I 


1 


Z 




-2 


2 


2 


2 

-2 


Z 

-2 


2 


\ 


0 

-1 


0 

-1 


1 


I 


I 


-1 


-I 


















-1 


-1 


1 


I 


RESIDUAL 


0 


0 


0 


0 


0 


0 


0 


O 


0 


0 


0 


0 


-Z 


-I 


-I 


-2 


14 


14 




-14 


-5 


-5 


5 


5 


-3 


-3 


3 


3 


-6 


-6 


6 


b 



FORCES IN LB., DISPLACEMENTS IN IN. X lO"* 



TABLE 5. CHECK OF RELAXATIONS IN TABLE 4. 



DISPL 


Ya 


Yb 


Yc 


Yd 


Ye 


Yp 


Yg 


Yh 


Yj 


\ 


\ 




Yn 




Yp 




Xa 


















Xk 


Xl 


Xm 




Xo 


Xp 


Xq 


EXTERNAL 
LOADS 


-110 






-no 


















60 


60 


60 


60 




































Z50 


-10 


MO 


Z50 


-230 


-10 


-\0 


-Z30 


















\Q 


\0 


-10 


-10 


-10 


-10 


10 


\0 


















V6«Vc= -.27 


-1 


15 


15 




-1 


-14 




-1 


















- I 


-I 


i 


I 


I 


1 


-I 


-1 




















-m 


-6 


-6 




2.80 


-W 


'W 


Z80 




-6 


-6 












6 


6 


-6 


-b 










-6 


-6 


6 


6 










Vp-Vc- 0 












































































-50 


-2 


-z 


-50 


108 


-4 


-4 


108 


-50 


'Z 


-^ 


-50 












z 


-z 


-z 










-2 


-Z 


z 


z 


\'\ - -72 










1 


37 


37 


1 


3 


-79 


-79 


3 


\ 


37 


37 


1 










1 


1 


-I 


-1 










-1 


-1 


1 


r 


Vn-Vq - .33 


















\5 


\ 




15 


-\1 


1 


1 


-M 


















-\ 


-\ 


I 


\ 


1 


1 


-1 


-I 


Vo-Vp - 1.74 


















3 


89 


89 


3 


3 


-9b 


-96 


3 


















3 


3 


-3 


-3 


-3 


-3 


3 


3 


RESIDUAL 


0 




-1 


0 


0 


0 


0 


0 


0 


\ 


1 


0 


-3 


0 


0 


-3 


»5 


15 


-\5 


-15 


-6 


-6 


b 


6 


-4 


-4 


4 


4 


-5 


-5 


5 


5 



FORCES IN LB., DISPLACEMENTS IN IN. X •O"'*-. 



TABLE 6. RELAXATION OF HORIZONTAL FORCES FOR MODEL WITHOUT CUTOUT. 



DISPL. 


Ya 


Yb 


Yc 


Yd 


\ 


Yp 


Yg 


Yh 


Yj 


Yk 




Ym 


Yn 


Yo 


Yp 




Xa 


Xb 




Xd 




r 


Xg 


Xh 

n 




r\ 


L. 


IV1 


Xn 

IN 






w 


RESIDUAL 
FORCES 


0 


- \ 




0 


0 


0 


0 


0 


0 


\ 


\ 


0 




0 


0 




15 


»5 


-\5 


-15 


-6 




6 


b 


-4 


-4 


4 


4 


-5 


-5 


5 


5 


Ua=-Ud = 30 


-I 


\ 


\ 


-\ 


-\ 


\ 


\ 


-\ 


















-15 


14 




15 


1 




-1 




















U^-Uc-.20 


-1 


0 


0 


-1 


-1 


\ 


\ 


-1 


















V 


219 
-29 


-29 
29 


0 
-9 






tz 




















U^-Uo-.l8 


































a 

-9 


n 

V 

6 


ft 
-8 


- 

9 


























Uff-Uc-.05 


































r\ 
U 

z 


O 

-8 


O 

d 


u 
-2 


























Uf-UH-:09 


































z 


0 


0 


-2 


5 


-4 


A 


-5 


















Up— U^.— .06 










































0 

-3 


-9 
9 


9 
-9 


0 
3 


















Uj-U^-07 










































-3 


0 


0 


3 


4 


-3 


3 


-A 










Uk— Ul— .04 


















































0 


-7 
6 


7 
-6 


0 
Z 










UW-Uq— .10 


















































-2 


-I 


I 


2 


5 


-5 


5 


-5 


U^-Up— .07 


























































0 

-3 


-^0 
10 


\o 


0 
3 


RESIDUAL 




0 


0 






\ 


\ 


-1 


0 


\ 


\ 


0 


-3 


0 


0 


-3 


2 


0 


0 


-2 


-3 


0 


0 


3 


-2 


-I 


I 


2 


-3 


0 


0 


3 



FORCES IN LB.. DISPLACEMENTS IN IN. X 10"*. 



TABLE 7. CHECK OF RELAXATIONS IN TABLE 6. 



DISPL. 






Yc 


Yd 


\ 


Yp 


Yc 


Yh 


Yj 


Yk 


Yu 


Y„ 


Yn 


Yo 


Yp 


Y 






Xd 






Xp 










K 


\, 




'<o 




x« 


RESIDUAL 
FORCES 


0 


- 1 




0 


0 


0 


0 


0 


0 


1 


I 


0 




0 


0 


-3 


15 


15 


-15 


-15 


-6 


-6 


6 


6 


-4 


-4 


4 


4 


-5 


-5 


5 


5 


U^-Ud-.48 


-( 


\ 


1 


-\ 


-I 


1 


1 


-1 


















-24 


22 


-22 




1 


1 


-1 


-1 


















Ub-Uc- .25 


-1 


1 


1 


-\ 




1 


I 


-1 


















12 


-37 


37 


-12 


\ 


1 


-1 


-1 


















Ug— Uh--09 










































5 


-4 


4 


-5 


















Up— u^'-.oe 










































-3 


10 


-\0 


3 




































































4 


-3 


3 


-4 




























































-2 


6 


-6 


2 










U^-Uq- -.10 


























































5 


-5 


5 


-5 


Uq -Up--.07 


























































-3 


10 


-10 


3 


RESIDUAL 


-2 


I 


\ 


-z 


-2 


2 


2 


-2 


0 


I 


1 


0 


-3^ 


0 


0 


-3 


3 


0 


0 


-3 


-2 


a 


-2 


2 


-2 


-1 


1 


2 


-3 


0 


0 


3 



FORCES IN LB., DISPLACEMENTS IN IN. X lO"* 



NACA TN No. 950 



35 



TABLE 8. STRESS CALCULATIONS FOR MODEL 

WITHOUT CUTOUT. 



CALCULATION OF STRESSES IN VERTICAL STRINGERS. 



MEMBER 

mn 


IN. 


TOT 
IN. 


C'n tot" 
^tot)'0 


KxKT* 


STRESS 
PSI. 


AE 


DH 


-4.91 


- 2.75 


2.16 


375 


810 


EJ 


HM 


- 2 .75 


- 1.06 


1.69 


N 


634 


JN 


MQ 


- 1.06 


.33 


J.39 


II 


521 


BF 


CG 


- .27 


0 


.27 


II 


1 01 


FK 


GL 


0 


.72 


.72 


II 


270 


KG 


LP 


.72 


1.74 


1.02 


N 


382 



CALCULATION OF STRESSES IN HORIZONTAL STRIPS. 



MEMBER 

mn 


UmTOT^'O'* 

IN. 


UnTOT^Ic!* 

IN. 


K TOT- 


KxlO""* 


STRESS 
PSI. 


AB CD 


.48 


.25 


- .23 


375 


- 86 


BC 


25 


-.25 


- .50 


II 


-187 


EF GH 


- .09 


-.06 


.03 


N 


II 


FG 


-.06 


.06 


.12 


II 


45 


JK LM 


- .07 


- .04 


.03 


II 


II 


KL 


- .04 


.04 


.08 


It 


30 


NO PQ 


- .10 


- .07 


.03 


II 


1 1 


OP 


- .07 


.07 


.14 


n 


53 



TABLE 9. GROUP OPERATIONS TABLE FOR MODEL WITH SINGLE CUTOUT. 



DISPL. 






Yc 


Yd 


Ye 


Yp 


Yg 


Yh 


Xj 


Yk 


Yl 


Ym 


Yn 


Yo 


Yp 


Yq 


vy 




V 








V 


V 


V 

Aj 


Y 


V 


V 

Xm 


Y 


Xo 


V 

Xp 


Xq 




zoo 


zoo 


200 


too 






zoo 


200 


zoo 


200 


0 


0 










ZOO 


ZOO 


200 


zoo 


478 




1544 


4^8 


ZOO 


ZOO 


0 


0 




















m 


200 


0 


0 






zoo 


zoo 


zoo 


zoo 


ZOO 


200 










ZOO 


zoo 


0 


0 


478 




154.4 


46.8 


2.00 


Z.00 


200 


^0.0 


V - 1 
DHMQ 






AOO 








4.00 


400 






4.00 


4O0 






400 


400 






400 


AOO 






A^ 


400 






400 


4.00 






400 


400 


V = 1 
CGLP 




AOO 


8^ 


4jOO 




8.00 


\m 


4.00 




8.00 


IZOO 


400 




AOO 


aoo 


4.00 




400 


0 


4^ 




0 


400 


400 




0 


400 


400 




400 


0 


400 


















47.1 






400 


5J.I 






A.00 


400 






















AOO 


400 






400 


AOO 








4.00 


A.0O 






4.00 


51.1 








47.1 














AOO 


400 






400 


400 






















too 


7..00 


4^0 






4.00 


400 






ZOO 


0 












ZOO 


U)0 


4.00 




47.8 


5W 


400 




ZOO 


ZOO 


0 














2.00 




0 






0 


0 




too 


zoo 














2.00 


2.00 


0 




47 8 


15^4 


37.6 




Z-00 


2.00 














zoo 


z.oo 


ZOO 


ZOO 






zoo 


ZOO 


200 


ZOO 


4.00 












zoo 


6.00 


600 


2.00 


47.8 


6^^8 


sas 




2.00 




400 














zoo 




LOO 








zoo 


Z.00 


200 


Z.00 














m 


ZOO 


200 


200 


ssp 


478 


46.8 


50^ 


ZOO 


ZOO 






















k 


zoo 


top 










zoo 


200 


200 


2.00 


2.00 


ZOO 










ZOO 


2.00 






55,8 


478 


4^ 


50.8 


200 


200 


ZOO 


ZOO 


^ABCD * 
^JKLM ' 


4.00 






400 


0 




4.00 


400 






400 


4^0 


AOO 






400 


400 


8.00 


BOO 


400 


100 


1600 


tZfiO 


4.00 


800 


16.00 


IZOO 


400 


4iL0 


m 


800 


AfiP 



UNDERLINED NUMBERS ARE NEGATIVE. 
FORCES IN LB., DISPLACEMENTS IN IN. X lO"* 



TABLE 10. CHECK TABLE OF RELAXATIONS FOR MODEL WITHOUT CUTOUT 
WITH OPERATIONS PERTAINING TO MODEL WITH SINGLE CUTOUT. 



DISPL. 




D 




Yd 




r 


Y^ 


Yh 

n 


Y. 

J 


Yk 


L 




Yn 


Yn 

u 


Yp 

r 


Yn 

Q 


A 


D 




Xn 




Xr 

r 




Xh 


X J 

J 


Xk 


X, 


Xm 




r XJ 


Xp 


Xn 


PVTFOMAI 
LA 1 CKlNAU 

LOADS 


-110 
























60 


60 


60 


60 


































Va- Vtf-4.91 


Z50 




-10 


250 


-no 


-10 


-10 


•Z30 


















10 


10 


MO 


-10 


-10 


-10 


10 


10 


















V V-27 


-1 


15 


15 


-1 


-1 




-14 


-1 


















-1 


-1 


1 


1 


1 


1 


-1 


-1 


















V Vh-2.75 




-6 


-6 






-II 


-6 






-b 


0 


-130 










6 


b 


-b 


-b 






6 


6 


-b 


-b 














Vp=Vc= 0 


































































Vj- V--I.06 










-50 


-e 


0 


-50 


m 


-4 


-2 


K)4 


-50 


-2 


-2 


-50 










2 


2 










-2 


-z 


-2 


-2 


2 


2 


V \ - 72 










\ 


37 


36 


0 


3 


-79 


-76 


1 


1 


37 


37 


I 










1 


1 










-1 


-1 


-* 


-1 


1 


1 


Vn-Vq-.33 


















\5 


1 


\ 


15 


-17 


1 


I 


-17 


















-1 


-I 


1 


1 


1 


1 


-1 


-\ 


Vq- Vp- 1.74 


















3 


8^ 


89 


3 


3 


-96 


-96 


3 


















3 


3 


-3 


-3 


-3 


-3 


3 


3 


Ua-Uo-.48 


-I 




1 


-I 


-\ 


\ 


1 


-I 


















-24 


22 


-22 


14 


\ 


1 


-1 




















Ub-Uc-.25 


-\ 


\ 






-I 


\ 


I 


-I 


















12 


-37 


37 




I 




~\ 






























































5 


-4 


4 


-5 




























































-3 


10 


-9 




















>JJ-Um-07 


















































4 


-3 


3 


-4 










Ui^-U^-.04 


















































-2 


6 


-b 


Z 










U^-U^-.IO 


























































5 


-5 


5 


-5 


U5-U^-.07 


























































-3 


10 


-^0 


3 


RESIDUAL 


-2 


\ 


\ 




-2 


z 


8 


-\4 


0 


\ 


\Z 


-7 


-3 


0 


0 


-3 


3 


0 


0 


-3 


-2 


Z 


8 


M 


-2 


-t 


-8 


-7 


-3 


0 


0 


3 



FORCES IN LB., DISPLACEMENTS IN IN. X 10"". 



TABLE 1 1. RELAXATION OF RESIDUAL VERTICAL FORCES FOR MODEL 



WITH SINGLE CUTOUT. 



DI5PL. 








Yd 


Ye 


Yp 






Yj 


Yk 








Yo 


Yp 










Xo 


Xe 


Xp 


Xc 


Xn 






Xl 


x. 


Xn 


\. 






RESIDUAL 
FORCES 

Vm' Vq--I4 


-z 


1 


1 


-2 


-2 


2 


6 


-7 


0 


1 


\Z 
-1 


-7 
7 


-3 


0 


0 

-1 


-3 

1 


3 


0 


0 


-3 


-2 


2 


6 


II 


-2 


-1 


-8 


-7 


-3 


0 


0 


3 


V Vh"-4I 






-2 


2 






-2 


-2\ 
Zl 






n 


0 






1 

-1 


1 














9 
c. 








- \ 
-9 


-I 
-8 






1 
1 


1 

4 


Vm" Vq--37 






-1 


0 






6 


0 
H7 






-I 


19 






'\ 


1 






-2 


-5 






(0 


»3 








-I 






\ 


1 


Vp- V„"-.33 






-» 


1 






-\ 


-J7 
\7 






10 


0 






-2 


-1 






.1 
1 


-1 
1 






1 
1 


1 
1 








-9 






z 


5 


V - V - .31 

— 23 








1 






5 


0 
-15 






-I 


16 








I 






-3 


-6 






M 


14 






* \ 


- 1 






\ 


I 








-1 


1 






-1 


H5 
15 






9 


0 
-14 






-3 


0 






-1 


-1 






1 
1 


1 
1 








-10 






3 


6 


V VQ-.27 






-3 


2 






4 


0 
-13 






-1 


-»4 
14 






-1 


1 






-4 


-7 






\i 








-I 


-1 






\ 


1 


V„--.I3 








-6 








H3 
13 






8 


0 
-6 






-4 


1 






















"12 


-n 






4 


7 


V^— .06 








-4 








0 
'3 








-6 
6 








-3 


































Vl - .07 














3 


-3 






-8 


0 






3 


-2 


































Vc - 06 






3 








7 
-7 








0 
3 








-1 




































V0--.O8 






0 


4 






0 


-4 






3 












































VH--.07 








0 








-7 
7 








-3 
















































-2 


-3 
2 






-2 


0 
2 






-2 


-3 
2 






-2 


2 








-2 






z 


2 






-2 


-2 






2 


2 


RESIDUAL 


-2 




-2 


-1 


-2 


2 


-2 
rn 


2| 0 


Ikl 


\ 

t4 


-\ 

r 


-3 


0 


-3 


0 

■3^1 


3 


0 




-9 


-2 


2 




\7 


-2 


-\ 


H4 


-13 


-3 


0 


6 


9 



TABLE 12. CHECK OF RELAXATIONS IN TABLE 1 1 . 



DISPL. 


Ya 


Yb 


Yc 


Yd 




Yp 


Yg 


Yh 


Yj 


Yk 


Yl 


Ym 




Yo 


Yp 


Yo 












Xf 


Xg 


Xh 


Xj 


Xk 


Xl 


Xm 






Xp 


Xq 


RESIDUAL 
FORCES 




1 


\ 


-2 


-2 


2 


8 


-14 


0 




>2 


-7 


-3 


0 


0 


-3 


3 


0 


0 


-3 


-2 


2 


8 


n 


-2 


-I 


-8 


-7 


-3 


G 


0 


3 


Vd=-I.6I 






-5 








-3 


-75 






















-3 


-3 






3 


3 


















Vh=-I.73 






-3 


-8) 






-3 
























-3 


-5 






3 


3 


















V„=-l.65 
















-78 






-3 








-3 


-77 






















-3 


-3 






3 


3 


Vq-1.59 






















-3 


-75 






-3 


51 






















-3 


-3 






3 


3 


Vc - 0 


































































Vc = 06 






3 








-7 








3 












































- .07 














3 








-8 








3 




































RESIDUAL 


-2 




-Z 


-\ 


-2 


2 


-z 


2 


0 


1 


1 


-1 


-3 


0 


3 


\ 


3 


0 


-b 


-9 


-2 


2 




\7 


-2 


-\ 


-14 


-13 


-3 


0 


6 


9 



FORCES IN LB , DISPLACEMENTS IN IN. X 10"^ . 



TABLE 13. RELAXATION OF RESIDUAL HORIZONTAL FORCES FOR MODEL 

WITH SINGLE CUTOUT. SHEET I. 



DISPL. 






Yc 


Yd 


Ye 


Yp 


Yg 


Yh 


Yj 


Yk 


Yl 




Yn 


Yo 


Yp 


Yq 










Xe 




Xc 








^ 


Xm 






Xp 




RESIDUAL 


-z 


1 


-2 


-1 


-2 


^ 


-z 


2 


0 


» 


\ 


-\ 


-3 


0 


-3 


\ 


3 


0 


-6 


-9 


-z 


z 


14 


\1 


-2 


-\ 


-»4 


-»3 


-3 


0 


6 


9 


Ub - - .10 






































-5 


5 


























- .06 




































-0 


-II 


-4 


























Uh - .26 






1 


- 1 






1 

1 


1 


















6 


-6 


-8 

I 
I 








\z 


-13 


















Up" .29 


1 

-1 




-I 
1 
1 


-z 






-I 


1 


1 
1 




1 

-I 












1 


•I 


-7 
1 


-3 


ft A 


3Z 


til 


4 


- \ 


-I 


ft 












- -.38 


-3 
-1 


1 


0 












\ 
1 


-1 


0 












5 
-1 


•7 
-1 


-6 




21 


34 
-18 


It 




-3 
-1 


-z 

~\ 


-15 












\J^~ .18 




z 














2 


0 














4 


-8 






5 


lb 






-4 


-3 


— A 
























































1 






n 


-26 


-23 
U 


-4 




\ 






Uj - 27 










\ 


-1 
















\ 














\ 


17 
« 






7 


13 


-12 




\ 


\ 
1 






Uq - 10 










-1 


1 














-4 


1 














6 


(ft 






-a 


Mb 






-2 


2 


5 


-5 


U0--.O6 


























































-3 


6 


n 
-3 


4 




A- 






-A- 






4 


-4 






4 


-4 


A 






-4 


4 


6 


6 


4 


-6 


-16 


-IZ 


-4 


6 


tb 


12 


4 


-5 
-4 


8 

-8 


a 

-6 


-A 


RESIDUAL 


0 


1 


0 


-6 


-I 


1 


S 


-3 


2 


0 


4 


-5 


0 


1 


-3 


-3 


6 


0 


0 


1 


-2 


2 


0 


0 


0 


0 


0 


0 


-9 


0 


0 


0 



FORCLS IN LB., OlSPLACCMENTS IN IN. X K)-*. 



TABLE 13. RELAXATION OF RESIDUAL HORIZONTAL FORCES FOR MODEL 

WITH SINGLE CUTOUT. SHEET 2. 



DISPL. 


Ya 




Yc 


Yd 


Ye 


Yp 


Yg 


Yh 


Yj 


Yk 


Yl 


Ym 


Yn 


Yo 


Yp 


Yq 


Xa 


Xb 


Xc 




Xe 




Xq 


Xh 


Xj 


Xk 


Xl 


Xm 


Xn 


Xo 


Xp 


Xq 


RESIDUAL 
FORCES 


0 


z 


0 




-1 


I 


3 


-3 


2 


0 


A 


-5 


0 


1 




-3 


a 


0 


0 


I 


-2 


2 


0 


0 


0 


0 


0 


0 


-9 


0 


0 


0 


Ua - .12 


































-6 


6 




























U^,— .06 


































2 


6 

-3 


6 


-3 


























Uo— 09 




































3 


6 
-4 


-2 
5 


























U„— .14 






































2 


3 


















7 


-7 






Up - .09 


























































-2 


-7 
4 


-9 


4 


Uq- .13 




























































-3 


-9 
6 


4 

-7 








-2 


2 






-2 


2 






-2 


Z 






-2 


2 






-2 


-2 






2 


2 






-a 


-z 






-3 
2 


-3 
2 


RESIDUAL 


0 


z 


-z 


-A 


-I 


1 


\ 


-1 


2 


0 


Z 


-3 


1 


0 


-5 


-1 


2 


3 


0 




-2 


2 


2 


2 


0 


0 




-z 




-3 


-\ 


-I 



* FORCES IN LB.. DISPLACEMENTS IN IN. X lO"*. 



TABLE 14. COMPLETE CHECK TABLE FOR MODEL WITH SINGLE CUTOUT. 



« ADJUSTED VALUES APPEAR AT END OF TABLE. SHEET I. 



DISPL. 


\ 


\ 




Yd 


\ 


Yp 




Yh 


Yj 


Yk 


Yl 


Y 
M 




Yo 


Yp 


















Xh 






Xl 




Xn 




Xp 


Xq 


EXTERNAL 
LOADS 


-120 
























60 


60 


60 


60 


































Va=-4.9I 


250 


-10 






-230 


-10 






















10 


10 






-10 


-10 






















Ve=-2.75 




-6 






m 


-If 








-6 














6 


6 














-6 


-6 














Vj=-I.06 










-50 


-2 






106 


-4 






-50 


-2 














2 


2 














-2 


-z 






Vn = -33 


















15 


1 






-17 


1 






















-\ 


-1 






1 


1 






Vb--27 


-1 


15 


-1 




-1 


-\3 


-\ 




















-I 




1 




1 




-1 




















Vp = 0 


































































Vk = 72 










1 


35 


\ 




3 


-82 


3 




1 


35 


1 












i 




-1 












-\ 








Vq - 1.74 


















3 


8b 


3 




3 


-100 


3 




















3 




-3 




-3 




3 




Vc=-.27 




-1 


15 






-1 


-»3 


- 1 




















-1 








1 




-1 


















Vc - 06 






3 








-7 








3 












































Vl = .79 












z 


3& 






3 


-86 


Z 




Z 


39 


Z 












2 


z 








-z 


-z 




-z 




2 


« Vp = 1.74 




















3 


86 


3 




3 


HOO 


3 




















3 




-3 




-3 




3 


* Vq— 702 






-14 


357 






-\4 


-m 






















-14 








14 


14 


















Vn— 4.98 






-10 


-233 






-(0 










-235 














-10 


-10 






10 


(0 


















VM--3.2I 
















-151 






-6 








-6 


•150 






















-6 


-€» 






6 


6 


Vq— 1.76 






















-4 


-82 






-A 


89 






















-4 


-4 






4 


4 


U^— .40 


i 


~\ 






» 


-1 






















20 


-19 






-1 


-1 






















Ub=-.69 


I 




-i 




1 




-1 




















-32 


70 


-32 






-3 


-1 




















'31 




3 




-3 




3 




-3 




















-bl 


133 






-3 


-5 


-3 


















'Jd—1.67 






3 


-3 






3 


-3 






















-78 


65 






-3 


-3 



















FORCES IN LB., DISPLACEMENTS IN IN. X 10**. 



TABLE 14. COMPLETE CHECK TABLE FOR MODEL WITH SINGLE CUTOUT. 

* ADJUSTED VALUES APPEAR AT END OF TABLE. SHEET 2 . 



DISPL. 






Yc 


Yd 


Ye 


Yp 


Yc 


Yh 


Yj 


\ 


Yl 


Ym 


Yn 


Yo 


Yp 


Yq 


^A 


Xq 






Xe 




Xg 




Xj 


Xk 


Xl 


Xm 


Xn 




Xp 


Xq 


Ur--.47 


-1 


1 














1 
















-1 


-1 






Zb 








-I 


-1 














Uc--.35 


-1 




\ 












1 




-\ 












-1 


-1 


-1 




-17 


39 






-1 


-1 


-1 












^U^- 06 












































3 




3 


















- .35 






1 










-I 






















1 


1 
1 






lO 


no 


















Uj« -80 










•> 

-z 


z 














*> 

z 


















-c. 














n 


-z 
































2 
















-Z 


-3 


-2 




-39 


90 


-39 




-2 


-3 


-Z 




Ul*-.96 














2 








2 


-2. 




2 




-2 












-2 


-2 






-4b 


102 


-45 




-2 


-4 


-2 


U^— l.ll 






















2 


-2 






2 


o 






















CO 

-5Z 


So 






-2 


-2 


U^— .24 


























































\2 


-U 






* Uo"--.l3 




















































-1 






-6 


13 


-6 




Up - .16 






















































1 






7 


-lb 


7 


- .33 






















1 


-I 






1 


-\ 






















1 








^5 


-\7 


RESIDUAL 


0 


1 


-3 


-A 


-3 


2 


1 


0 


z 


0 


3 


-3 


i 


-1 


-6 


-I 


1 


3 


0 


2 


-3 




4 


Z 


0 


-1 


-3 


-3 


-3 


-4 


-1 


1 


* Vjj— 7.07 






-14 


359 






-14 
























-14 


^4 






14 


14 


















*Vp= 1.66 




















3 


82 


3 




3 




3 




















3 




-3 




-3 




3 


*U^= .09 












































4 




4 


















^Uo--l35 




















































-\ 






-6 


14 


-6 




FINAL 
RESIDUAL 
FORCES 


0 


I 


-5 


-2 


-3 


2 


\ 


-2 


z 


0 


-1 


-3 




-I 


-1 


-1 


1 


3 


0 




-3 


2 


0 


3 


0 


-1 


-3 


-3 


-3 


-3 


-1 


\ 



FORCES IN LB., DISPLACEMENTS IN IN. X 10"*. 
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TABLE 15. STRESS CALCULATIONS FOR MODEL 

WITH SINGLE CUTOUT. 

CALCULATION OF STRESSES IN VERTICAL STRINGERS. 



MEMBER 

mn 


4 

VmTOT^ '0 
IN. 


IN. 


(^TOT- 

Htitot)"©* 


KxlO-'* 


STRESS 

PSI. 




-- A Q 1 


— ^ 7A 




O r ^ 


0 1 \J 


DH 


-7 07 




2.09 


II 


785 


C 1 


— O 7 1^ 




1 ftO 
1 .D^ 


II 




MM 


— Q A 




1 77 


II 


ftftA 


IKI 


1 .uo 






II 


«\0 1 
1 


MQ 


-3.21 


- 1.76 


1.45 


II 


544 


BF 


- .27 


0 


.27 


II 


101 


CG 


- .27 


.06 


.33 


. II 


124 


FK 


0 


.72 


.72 


II 


270 


GL 


.06 


.79 


.73 


II 


274 


KO 


.72 


1.74 


1.02 


II 


382 


LP 


.79 


1.66 


.87 


11 


326 



CALCULATION OF STRESSES IN HORIZONTAL STRIPS. 



MEMBER 

mn 


IN. 


IN. 


{}n TOT - 

UmTOT>0* 


KxlO"* 


STRESS 
PSI. 


AB 


-.40 


-.69 


-.29 


375 


-109 


BC 


-.69 


-1.3! 


-.62 


II 


-232 


CD 


- 1.31 


- 1 P7 


-.36 


N 


-135 


EF 


-. a 


-.35 


.12 


N 


45 


FG 


- .35 


.09 


.44 


II 


165 


GH 


09 


.35 


.26 


II 


98 


JK 


- .oU 


-.81 


-.01 


II 


-4 


KL 


- .81 


- .96 


-.15 


II 


-56 


LM 


- .96 


- I.ll 


-.15 


II 


-56 


NO 


- .24 


- .135 


.105 


II 


39 


OP 


- .135 


.16 


.295 


II 


1 1 1 


PQ 


.16 


.33 


.17 


II 


64 



TABLE 16. OPERATIONS TABLE FOR MODEL WITH DOUBLE CUTOUT. SHEET I. 



L/l Oi I—. 


'A 


»B 






■E 


Y 


Y. 


Y. 


Y. 


Y^ 


r< 


Y 


Y 


Y 

MO 


Y 

'P 


Y 


Y 




Y 


V 


V 


V 


Y 


Y 














Xp 


Xq 




5a8 


2.00 






4^6 


zoo 






















ZOO 


ZOO 






ZOO 


ZJOO 


























200 








4.00 






4bB 


ZOO 














m 


iOp 














zoo 


zoo 














Vj- ' 












ZXK) 






lOJJb 


400 






46l8 


ZOO 














200 


2J0P 














LOO 


zoo 
























¥A 


ZOO 






50B 


zoo 






















zoo 


2.00 






ZOO 


zoo 






V - 1 
BLOCK 


400 


A.00 






&op 


Q.OO 






800 


8.00 






400 


400 






m 


4^ 






0 


0 






0 


0 






400 










m 


bTi 


z.oo 




zoo 


m 


ZX>0 




















is» 




ZOO 




ZOO 




ZOO 






















ZLOO 




zoo 




400 




zoo 




ZOO 


^1 


0 












m 


0 


m 




0 


ZDO 


zoo 






Z£0 


0 






















zoo 


4a) 


0 




4,00 


mi 


CUD 




ZOO 


49.Z 


ZOO 












zoo 


ZOO 






0 


2.00 


ZOO 




ZOO 


0 


zoo 






















200 








ZOO 


57.Z 


zoo 




















zoo 




zoo 








z:oo 




^BLOCK- ' 




1^00 


400 




soo 


IZ0O 


400 




BOO 


I2O0 


4.00 




400 


0100 


4.00 




400 




4O0 




0 


400 


400 




0 


400 






m 




4j»0 




^c- ' 




ZOO 




^00 




ZjOO 


4az 


190 
























zgp 




ZOO 




ZOO 


















V * 1 












LSJSI 
























ZJW 


0 


zoo 




ZOO 


0 


ZjOO 


















\- ' 




















zoo 


57Z 


ZOO 




2J0O 


49.Z 


2L00 




















zoo 


0 


zoo 




ZDO 


0 


zoo 


Vp- 1 




















2.00 


49.2 


ZJOO 




ZjOO 


572 


ZjDO 




















ZiK) 




zoo 




zoo 




too 


^BLOCK* ' 




4JQ0 




400 




400 


800 


4.00 




4.00 


800 


400 




400 


BOO 






400 




4.00 




400 




400 




4^ 




400 




4.00 




4.00 


^D- ' 






zoo 


508 






200 


46.8 






















200 


zoo 






2^ 


too 


















V * 1 






200 


4bB 






ZDO 








0 


471 














200 


zoo 






ZOO 


2^ 






0 


0 
























0 


47.1 






2,00 








ZOO 


4&8 














0 


0 








zoo 






ZjOO 


2.00 
























2.00 


46.8 






ZJOO 
























m 


ZJOO 






ZOO 


200 


V - 1 

BLOCK 






400 


400 






400 


400 






4.00 


4^ 






4.0O 


4JM 






400 


4.00 






400 


400 






400 


40O 






fm 





o 
> 

H 

52: 

O 



FORCES IN LB., DISPLACEMENTS IN IN. X 10 



r4 



CJn 



TABLE 16. OPERATIONS TABLE FOR MODEL WITH DOUBLE CUTOUT. SHEET 2. 



DISPL. 








Yd 




r 




Yh 

n 


Yj 


Yk 




M 


Yn 




Yp 


Q 


K 

A 


D 






L 


r 






J 


Xk 

K 


X, 


x^ 








Xo 

Q 


II ml 


?0(\ 


7 on 








9AA 






















CAS 

505 


46.0 






200 


2.00 
























LiA) 




t.V/U 








9 AA 




















46.0 


lOlb 






200 


400 


200 




















II ar 1 




■Tff 




?yO 




9 AA 


























KX.6 






too 


400 


200 


















II _ 1 






^AA 


L.OO 






O A/> 

cOO 


O AA 

ZLOO 






















4616 


508 






200 


200 


















11 •» 1 


AAA 


A 

u 


U 


AAA 




A 
U 


A 
0 


LA AA 


















AAA 


D AA 

BOO 


0 AA 

800 


4 AA 


A AA 

400 


BOO 


iSO 


4.00 


















Ue- I 


2.00 
















too 


ZOO 














200 


200 








478 






200 


2.00 














Up - 1 


2jX) 


0 


2jOO 




0 


ZDO 








zoo 














200 


400 


200 




478 


1016 


46JB 




200 


2,00 














II _ 1 






0 


O AA 






0 






















200 




UK) 






iOj.6 


46& 


















II ml 






9 AA 


9 AA 
CW 






9 AA 


^AA 






0 


0 














200 


200 






46£ 








0 


0 










11—-^ .1 




A 


A 
U 


JAA 


A 
V 


AAA 


0 


JAA 

400 


AAA 


AAA 














400 


&00 


8.00 


400 


BOO 


12^0 




400 


4.00 


400 














U . - 1 

L»J 1 




























9An 














oX) 


9 AA 

200 






55.0 


It 0 
418 






200 


2,00 


















100 


0 




0 


ISO 


zoo 




200 


0 


200 












ZOO 


200 


Q 




47.8 


lOdb 










7 AO 




U^- 1 




















m 


0 


zoo 




ziX) 


0 


ZDO 




















46.8 


nib 


46.8 




200 


400 


2.00 
















0 


0 






LOO 


zoo 






2O0 


ZOO 














0 


0 






4&8 


50.8 






ZOO 


^00 


^buock" ' 




















400 


0 


«00 




0 


0 


400 










400 


4.00 






BOp 


m 


800 


400 


4.00 


8.00 


8100 


'\.00 




















ZDO 








m 


zoo 






















ZDO 


ZOO 






50j8 


46.8 






^o- ' 


















ZjOO 




100 




ZOO 




200 




















ZOO 


4iK) 


ZOO 




46A 


lOlb 


4«jB 




Up- 1 




















m 




zoo 




zoo 




ZOO 




















ZOO 


400 


200 




46.8 


m 


ib.8 
























200 


zoo 






200 


ZOO 






















ZOO 


2.00 






m 


50.8 


^BLOCk" ' 


















400 


0 


0 


4.00 




0 


0 


4.00 


















4.00 


B.00 


8.00 


4.00 


4,00 


8.00 


800 


400 



UNDERLINED NUMBERS ARE NEGATIVE. 
FORCES IN LB.. DISPLACEMENTS IN IN. X 10-*. 
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TABLE 17. CHECK TABLE OF RELAXATIONS FOR MODEL WITH SINGLE CUTOUT WITH ^ 
OPERATIONS PERTAINING TO MODEL WITH DOUBLE CUTOUT. SHEET I. ? 

CD 

on 



displ. 




Yb 


w 

Yc 


Yd 


Ye 


Yf 


Yg 


Yh 


Yj 


Yk 


Yl 


Ym 


Yn 


vy 

Yo 


Yp 


vy 

Yq 


vy 

><A 


vy 


vy 

Xc 


vy 


vy 

Xe 


V/ 

Xf 


vy 

Xg 


vy 


vy 

Xj 


vy 

Xk 


vy 


vy 

Xm 


Xn 




Xp 


vy 

Xq 


EXTERNAL 
LOADS 


■114 






^u 




















62 


b2 


62 




































LgO 


-10 








-|VJ 






















lU 


in 






-lU 


-\u 


























- A 








-1 1 






iLT 


Q 














0 


o 














b 
















V/ rut 
Vj"-I.OO 










CaJ 


_ 9 
t 








- # 






DU 


















o 
C 














- t 


o 
- 1 


























1 
1 






—If 


1 
1 






















_ t 
1 


_ 1 
1 






1 
1 


1 

1 








1 


ID 


_ 1 
1 




1 


-in 
Id 


1 




















1 




1 




1 
1 




1 




















- o 

Vp u 


































































- 72 










\ 


35 






3 


-79 






1 


35 


\ 












1 


1 








-1 










\ 




Vq- 1.74, 


















3 


8b 


3 




3 


-100 


3 




















3 




-3 




-3 




5 




Vc — 27 




-1 


15 


-» 




-I 


-13 


-I 
































-\ 


















Vc - .06 






3 








-3 




















































V^ - .79 




















2 


-45 


2 




2 


39 


2 




















2 




-2 










Vp - 1.66 




















3 


82 


3 




3 


-95 


3 




















3 




-3 




-3 




3 


Vb— 707 






-14 


359 






-14 
































\^ 




















VH-4i>8 














-10 


488 
























-10 


























V^-3.21 
















^5^ 






-6 


3t4 






-6 


-<50 






















-6 


-6 






b 


6 


Vq— 1.76 






















-4 


-82 






-4 


89 






















-4 


-4 






4 


4 



FORCES IN LB., DISPLACEMENTS IN IN. X 10"^. 
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TABLE 17 CHECK TABLE OF RELAXATIONS FOR MODEL WITH SINGLE CUTOUT WITH f 
OPERATIONS PERTAINING TO MODEL WITH DOUBLE CUTOUT. SHEET 2. 

CD 
on 



DISPL. 


Ya 


Yb 


Yc 


Yd 


Ye 


Yp 


Yg 


Yh 


Yj 


Yk 


Yl 


Ym 


Yn 


Yo 


Yp 


Yo 


Xa 


D 






X. 


Xr 


Xr 


yvi 1 










Xk. 


Xr^ 


Xd 






\ 








1 


-1 






















C.V/ 








1 


_ 1 
























\ 




-I 




1 




-I 




























_ 1 
1 


a 

- o 


1 

- I 




















1.31 




3 




-3 




3 




-3 




















-61 








- "a 
«3 


D 


-•a 


















Un— 1.67 






3 


-3 






3 


-3 






















-7A 


DD 






- 6 


-o 


















Up =-47 




1 














\ 


- V 














- I 
1 


- \ 






CO 


-99 






- 1 
1 


1 














Up — :35 


- 1 




1 






-1 






\ 
















- 1 


- 1 
1 


- 1 
1 




1 1 


of 


lo 




_ t 


1 














Uc- 09 












































4 




A 
























1 


~ \ 






1 


- 1 






















1 


1 






16 


-18 


















Uj— .80 










-2 


Z 














z 


-z 














-2 


-2 






45 


-38 






-z 


-2 






Uk— .81 










-Z 


Z 








z 


-2 




2. 
















-2 


-2 






-39 


8b 


-38 




-z 


-3 


-2 




Ul ^^96 




















z 




-2 




z 




-z 




















-45 


98 


-45 




-2 


-4 


-z 


U^=-I.ll 






















E 


-z 






Z 


-z 






















-51 


56 






-2 


-2 


—24 


























































\z 


-\i 






Uq— .135 




















































- \ 








\4 


-6 




Up - .16 






















































\ 






7 




7 


Uq - 33 






















1 


-1 






\ 


-\ 






















\ 


1 








-17 


RESIDUAL 


-4 


I 


-3 




-3 


3 


-37 


-2 


z 


5 


32 


-3 


3 




\ 




1 


3 


0 


Z 


-3 


2 


5 


3 


0 


-3 


-4 


-3 


-3 


-3 


-» 


1 
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TABLE 18. RELAXATION OF RESIDUAL FORCES FOR MODEL WITH DOUBLE CUTOUT. 

SHEET I. 



UlorL. 


Ya 




Yc 


Yd 


Ye 


Yp 


Yg 


Yh 


Yj 


Yk 


Yl 


Ym 


Yn 


Yo 


Yp 


Yq 






Xc 




Xe 


Xp 


Xg 


Xh 


Xj 


Xk 


Xl 


Xm 


Xn 


Xo 


Xp 


Xq 


RES DUAL 
FORCES 


-4 


1 


-3 




-3 


3 


-37 


-2 


2 


5 


32 


-3 


3 


1 


1 


1 


1 


3 


0 


2 


-3 


2 


5 


3 


0 


-3 


-4 


-3 


-3 


-3 


-1 


1 


Vq - .01 




_ 1 
1 


1 








— 1 














— 1 




1 




1 




- 1 






















0 


-18 
10 


-7 




2 




-3 




















2 
-9 




3 
9 




3 
s 




2 

-9 


















VL 






0 


-lb 




-7 


-I 


-12 




1 
1 


—17 
—I 1 


1 
1 




t 
1 




1 
1 




-7 




12 




12 




-7 








- 1 








1 


Vl"Vp " 1.88 




















6 
6 


15 
-15 


-2 
3 




2 


lb 


2 

A 




















-2 
0 




-4 
— 0 




-4 

Q 
— 0 




2 

Q 


Va-- 17 




10 








0 








14 


0 


b 




10 


I 


10 




















b 




-12 








10 


Vk - .33 




» 






1 


lb 








-36 


1 




\ 




1 
1 












1 


1 
1 








1 

— 1 


1 

— I 




1 

— 1 




1 




Vo * .45 










-2 


1 






3 
1 


-22 
22 


1 
1 




A 

1 


2b 


2 
1 












-2 


13 






1 


5 


-5 
1 

— 1 




-4 
1 

- 1 




0 

1 




vA Oo 










— A 








4 


0 


2 




5 


0 


3 




















1 




-b 




-5 




1 




V 1 - 13 


0 








-6 

w 








1 O 
















































V.^ - 22 










0 








-9 
in 

IV/ 








11 
1 1 














































— 1 








1 


-16 


1 








0 












-1 


-1 






\ 


1 


















Vq - .20 






-I 


-2 






-2 


-25 
















— lU 






-I 


U 






6 


-b 






1 


1 






-1 


-1 


VD VH .^5* 






c 








_ 










IS 








0 






- 2 


-2 






2 


2 






-5 


-\i 






0 


9 








-3 


0 






-A 


0 
-3 








-8 
6 








0 

-3 






-3 


9 






a 


-A 






-5 


-11 






0 


9 


















-3 






-2 


-2 
1 




1 


-2 


-3 
1 




















1 




-f 




-1 




1 


Vd - .02 








-1 








I 




1 


0 


-1 




1 


1 


-2 










































-1 




-\ 


2 


-2 
-I 




















-I 




1 




1 




-1 


















RESICXJAL 


0 


0 




-2 


0 


0 


-2 


-3 


1 


1 


0 


-I 


0 


I 


\ 




1 


-8 


-3 


10 


-2 


14 


8 


-5 


1 


b 


-5 


-12 


-5 


•131 0 


10 



1 



o 



J2i 

o 



CD 

cn 
o 



CD 



TABLE 18. RELAXATION OF RESIDUAL FORCES FOR MODEL WITH DOUBLE CUTOUT. 

SHEET 2. 



DISPL 


Ya 

•A 


'B 


v. 

'C 


Y^^ 

'D 


Yir 


•F 


•G 


Yl. 


Y . 
•J 


Yi^ 


Y. 


Y. 


Yk. 


Y^ 


Yn 


Y^ 


^A 








• -E 












y 


y 


An 


y 


y 


y 

Aq 


RESIDUAL 
FORCES 


0 


0 


- 1 


-Z 


0 


0 


-Z 


- 3 


I 


1 


0 


-1 


0 




1 


- 2. 


\ 


-8 




10 


c 


)4 




_ q 




A 
\j 




1 c. 






u 




Uh - - .10 














































-5 


5 


















Up--.06 












































6 


3 
-3 


0 


















Ug-- .21 










































-5 
12 


20 
-II 


0 




















U^--24 










































T 


9 










-II 


12 




















I 


- \ 








-\ 


1 




-I 




1 












1 


1 






lb 


-36 


-lb 
lb 


0 


1 


\ 


1 




Uj - ,44 










1 
1 


-\ 
-\ 








0 


\ 




-\ 
-1 




2 












8 
I 


10 
1 






17 

"25 


-30 
2» 


0 




-4 
1 


-12 
1 


1 














z 

-8 


-2 
8 






-8 


8 






-2 


2 














9 
-8 


\l 

-8 






-8 
8 


-9 
8 






-3 


-U 
















-6 


6 






-7 


8 
















8 


-\7 


a 


1 


3 


1 




0 


-1 


















































0 


-20 

la 


18 
































































-2 


-1 


















2 


-2 






Up - .24 






















































1 




-1 


-\3 
1) 


-24 


II 


Uq-.44 






















































I 






-2 


-23 
21 


21 
-22 


Vaejn— 50 


0 
2 


0 
-2 


-1 


-2 


4 


6 
-4 


-2 


-3 


-7 
4 


8 

-4 


\ 


-1 


-2 
2 


2 

-2 


2 


-2 


\ 

2 


0 

2 


-2 




\ 


3 


1 


0 


0 


-1 


I 


0 


-1 
-2 


-2 
-2 


"Z 


- \ 


Va"'Vb- 
Vn-^o"04 


2 
-2 


-2 
Z 






-2 
2 


2 
-2 






-3 
2 


4 

-2 






0 

-2 


0 

2 






3 


2 






















-3 


-4 






RESIDUAL 


0 


0 


-» 


-2 


0 


0 


-2 


-3 


-I 


^ 


1 


-1 


-2 


2 


a 


-2 


3 


2 


-2 




\ 


3 


1 


0 


0 




\ 


0 


-3 


-4 


-2 


1 



FORCES IN LB., DISPLACEMENTS IN IN. X 10"*. 



TABLE 19. COMPLETE CHECK TABLE FuR MODEL WITH DOUBLE CUTOUT. 



* ADJUSTED VALUES APPEAR AT END OF TABLE. SHEET I. 



U\ Or L... 


Y 

'A 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


V 


V 

•k 






v 

Yn 


v/ 




Yq 


Xa 


Xb 






Xe 


Xf 


Xg 






Xk 


Xl 


Xm 




Xo 


Xp 




EXTERNAL 








-IZ4 


















62 






bZ 


































Va=-5.45 


W 


-II 






-Z55 


-II 






















1 1 


1 1 






1 1 


-1 1 






















Vg.= -3.25 


-I5Z 


-7 






330 


-13 






-15? 


- 7 














7 


/ 














"7 


"7 














V --I.43 
J 










-67 


- 3 






145 


-6 






-67 


o 
















o 














-3 


-3 






N 


















4 








- 5 








































B 


- 1 


11 


-i 




- 1 


-^^ 


- 1 




















— 1 
1 




1 
1 




\ 




1 

— 1 




















F ^ 












































































2 


51 






4 




*> 
c 




c 


OL. 


c. 












Z 


Z 








-2 


-2 




-2 




2 




» 2.15 


















A 


IVAJ 


A 




A 
























4 




-4 




-4 




4 








-b 


\58 


-b 




- b 


-\3b 


-6 




















- b 




b 




b 




-6 


















V--— 2.75 








-b 




-b 


157 


^b 




























o 




- O 


















V, - 3.22 




















6 


-\84 








ISA 






















O 




-b 




~b 




6 


Vp - 3.79 




















Q 


I8b 


A 




A 




A 




















O 




-8 




-8 




8 


*Vj^» -7.82 






-lb 


3^7 






-lb 


-3bb 






















-lb 


-lb 






lb 


\b 


















*V^— 5.47 






-W 








-n 


b3b 






















-II 


-\ 1 






\i 


W 


















V^«-3.27 
















-154 






-7 


320 






-7 


^53 






















-7 


-7 






7 


7 


*Vq--|.56 






















-3 


-73 






-3 


7*5 






















-3 


-3 






3 


3 


U^- 1.60 


-3 


3 






-3 


3 
























75 






3 


3 






















= 1.31 






3 




-3 




3 
























bl 




3 


5 


3 




















- .86 








2 




-2 




Z 




















40 


-87 


40 




2 


3 


2 
























-1 


1 






-1 


\ 






















2.^ 


-3b 


1 


1 


1 












! 

_ 1 







FORCES IN LB., DISPLACEMENTS IN IN. .X lO--* . 



TABLE 19. COMPLETE CHECK TABLE FOR MODEL WITH DOUBLE CUTOUT. 

* ADJUSTED VALUES APPEAR AT END OF TABLE. SHEET 2. 



DISPL. 


Ya 


Yb 


Yc 


Yd 


Ye 


Yf 


Yg 


Yh 


Yj 


Yk 




Ym 


Yn 


Yo 


Yp 


Yq 


Xa 




Xc 


Xd 


Xe 


Xp 


Xg 




Xj 


Xk 


Xl 


Xm 


Xn 


Xo 


Xp 


Xq 


Ue= 1.32 


3 


-3 














-3 


3 














3 


3 






-74 


63 






3 


3 














«Uf - 1.59 


3 




-3 






3 


-3 




-3 


3 














3 


6 


3 




76 


-169 


74 




3 


3 














U(j- 2.09 




4 




-4 




4 




-4 




















4 


8 


4 




96 






















l\„'2.25 






5 


-5 






5 


-5 






















5 


5 






105 


-114 


















Uj=-.36 












1 














1 


-1 














-I 


-\ 






20 


-17 






-\ 








.47 










- 1 


1 
1 








1 
1 


1 

-I 




1 




1 

— F 












- 1 


- 1 






-22 


50 


-22 




- 1 


-2 


- 1 




1 J = _ QA 

V-i .Z7\J 




















9 
u 




_9 








~ c. 




















A C 




-45 




- L 


- 4 


- Z 


If = — 1 'a*^ 






















3 


o 

- t> 






3 


~3 






















-63 


69 






-3 


-3 


M = — PA 




















I 






1 

— 1 


1 






















- 1 


- 1 






14 


-13 






U — - 1^ 




















































- 1 






-D 


13 


-6 




I 1^ ^ AH 

v-lp 




















1 




1 




1 

1 




— 1 
1 




















1 
1 


9 


1 




1 Q 


-41 




* 77 






















o 
c 


_9 






9 

c 


c 






















•5 

c 


2 






36 


-39 


RESIDUAL 


0 


- 1 


-I 


-I 


1 


-2 




-2 


-2 


3 


z 


-5 


-3 


5 


3 




3 


1 


-3 




1 


6 


0 


2 


0 


-2 


\ 


3 


-3 


-3 


-3 


-1 


*Up = 1.61 


3 




-3 






3 


-3 




-3 


3 














3 


6 


3 




77 


-172 


75 




3 


3 














* Vp=-04 






-2 






4 






















































*Vo= 2.18 


















4 


107 


4 




4 


-115 


4 




















4 




-4 




-4 




4 




^ Vd=-7.78 






-16 


395 






-16 


-364 






















-lb 








lb 


16 


















at V^f ~5.44 






-U 


-255 






-11 


533 








-Z56 














-li 


-n 






W 


U 


















* Vq— 1.59 






















-3 


-74 






-3 


&l 






















-3 


-3 






3 


3 


FINAL 
RESIDUAL 


0 


-\ 


-3 


-e 


1 


2 


-3 


-3 


-2 


2 


Z 


-4 


-3 


3 


3 


-4 


3 


\ 


-3 


-2 


Z 


3 


\ 


2 


0 


-2 


I 


3 


-3 


-3 


-3 


- 1 
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TABLE 20. STRESS CALCULATIONS FOR MODEL 

WITH DOUBLE CUTOUT. 



CALCULATION OF STRESSES IN VERTICAL STRINGERS. 



MEMBER 

mn 


IN. 


Vn TOT ^ 'O^* 

IN. 


(Vn roT- 
VmTOT)lO^ 


KxlO-* 


STRESS 
PSI. 


AE 
DH 
EJ 
HM 
JN 
MQ 
BF 
CG 
FK 
KO 
LP 


- 5 .45 

- 7.78 

- 3.25 

- 5 .44 

- 1 43 

- 3.27 

- .48 

- 2.77 

- .04 
1.05 
3.22 


- 3.25 

- 5.44 

- 1.43 

- 3 27 

OQ 

- 1.59 

- .04 

- 2.75 
1.05 
2.18 
3.79 


2.20 
2.34 
1.82 
2.17 

1.68 
.44 
.02 
1.09 
1.13 
.57 


375 

II 
II 
II 
N 
1 
N 
• 
II 
II 
II 


825 
878 
683 
814 

630 
165 
8 

409 
424 
214 


CALCULATION OF STRESSES IN HORIZONTAL STRIPS 


MEMBER 

mn 


IN. 


UnTOT^'O'' 

IN. 


(•-Jn TOT 
^JmTOT)!©^ 


KxlO"^ 


STRESS 

PSI. 


AB 
BC 
CD 
EF 
FG 
GH 
JK 
KL 
LM 
NO 
OP 
PQ 


1 .60 
1 .31 
.86 
1.32 
1.61 
2.09 

- .36 

- .47 

- .96 

- .28 

- .13 
.40 


1.31 
.86 
.71 
1.61 
2.09 
2.25 

- .47 

- .96 

- 1.35 

- .13 
.40 
.77 


- .29 

- .45 

- .15 
29 

.48 
.16 

- .1 1 

- .49 

- .39 
.15 
.53 
.37 


375 

II 
II 
II 
II 
N 
II 
II 
II 
1) 
II 
■ 


-109 

- 169 

- 56 
109 
180 

60 

- 41 
-184 
-146 

56 
199 
139 
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FIG. I. MODEL TESTED. 

LOCATION OF SINGLE CUTOUT. 

LOCATION OF DOUBLE CUTOUT. 
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Fig. 8 
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Fig. 3 
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FIG. 6. SCHEMATIC DRAWING OF MODEL 
WITHOUT CUTOUT. 
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FfG. 7. 



SCHEMATIC DRAWING OF MODEL 
WITH SINGLE CUTOUT. 

LOCATION OF CUTOUT. 
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FIG. 8. 



SCHEMATIC DRAWING OF MODEL 
WITH DOUBLE CUTOUT. 

LOCATION OF CUTOUT. 
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FIG. 9. CALCULATED AND MEASURED DIRECT STRESS IN 
STRINGERS FOR MODEL WITH SINGLE CUTOUT. 

O MEASURED VALUES 
CALCULATED VALUES. 



STRINGER NO. 




FIG. 10. CALCULATED AND MEASURED DIRECT STRESS IN 
STRINGERS FOR MODEL WITH DOUBLE CUTOUT. 

o MEASURED VALUES. 
CALCULATED VALUES. 
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FIG. 1 1. COMPARISON OF CALCULATED DIRECT STRESS 
IN STRINGERS FOR THE THREE 
MODEL CONDITIONS. 

FOR MODEL WITH NO CUTOUT. 

FOR MODEL WITH SINGLE CUTOUT. 

FOR MODEL WITH DOUBLE CUTOUT. 
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FIG. 12. COMPARISON OF CALCULATED DIRECT STRESS 

IN HORIZONTAL STRIPS FOR THE 
THREE MODEL CONDITIONS. 

FOR MODEL WITH NO CUTOUT. 

FOR MODEL WITH SINGLE CUTOUT. 

FOR MODEL WITH DOUBLE CUTOUT. 



